The water footprint concept has been used by agricultural, commercial, and industrial water users to measure and report their water consumption, assess the magnitude of potential environmental impacts arising from this consumption, and identify opportunities for risk mitigation strategies that promote sustainable water use. However, water and wastewater utilities have not studied and documented the application of this concept in the same manner that other industries have. This article summarizes the growing body of information on the water footprint concept and the opportunities for integrating the concept into water utility planning efforts as a broader means of achieving and maintaining sustainable communities. The application of the water footprint concept for capital improvement planning, water resources decision-making, operational benchmarking, and stakeholder communications is discussed, as is how the methodology, developed by the International Organization for Standardization, can be used for a water utility.
Although the water footprint concept has been seen in the academic literature for more than a decade, it was not until 2007 that the idea entered the worlds of business, government, and civil society . The majority of water footprint studies to date have been for agricultural products and commodities (Hess et al. 2015 , Gerbens-Leenes et al. 2013 , Mekonnen & Hoekstra 2010 , but also for various beverages, including tea, coffee (Chapagain & Hoekstra 2007) , and wine (Batista de Pina et al. 2011) . Fewer studies have calculated the water footprint of industrial products, mainly because of the complex production chains of industrial products and their variability across nations and companies. Some corporate applications of the water footprint approach for industrial products include Austria-based Borealis' assessment of the polyolefin's value chain (Katsoufis 2009 ) and Finnish forest industry company UPM Kymmene's assessed paper products and water consumption and the resulting effects of automobile manufacturing . Several studies on energy and transport, including for electricity generation (Wilson et al. 2012) , hydropower (Herath et al. 2011 , and biofuel-based transport (Gerbens-Leenes et al. 2013 , van Lienden et al. 2010 ) have also been reported. Volumetric water footprints have been expressed per person (e.g., or according to unit mass (cubic meter/kilogram), value (cubic meter/$US), food value (cubic meter/kilocalorie; e.g., Hess et al. 2016 ), or energy (cubic meter/millijoule; e.g., Wilson et al. 2012) .
As an indicator of the impact of water use, the volumetric water footprint differs from the classical measure of water withdrawal in two ways. First, it is not restricted to direct water use. Instead, the volumetric water footprint also includes water used in the supply chain of a product (e.g., water used in production of infrastructure, chemicals used in water treatment as well as water lost through leakage). This is relevant because the actual volume of freshwater a utility draws from the environment is likely to be somewhat higher than its direct water use. The water footprint can, therefore, be used to build a truer picture of the water dependence of a utility. Second, the volumetric water footprint accounts for consumptive water use only; that is, water that is removed from, but not returned to, the same drainage basin.
One of the key criticisms of the volumetric water footprint approach has been the lack of relationship between a volumetric water footprint and its associated environmental and/or social impact (Ridoutt & Poulton 2009 ). The water consumed over the life cycle of a product or operation comes from different sources (e.g., rivers, groundwater), comes from different locations around the world, and is used at different times. A volumetric water footprint would not distinguish between the potential impact/damage associated with these different sources. For example, 100 m 3 of water taken from a water-stressed catchment is likely to have a significantly higher effect on other water users than an equivalent volume taken from a catchment where water is abundant. In this respect, the impact of water resource consumption on society and the environment is unlike the impact of greenhouse gas emissions.
As a result, the life cycle impact assessment approach has been used to define a water footprint based on the overall impact of water use, rather than just volumes of water consumed , Jeswani & Azapagic 2011 , Pfister & Hellweg 2011 . The aim of life cycle impact assessment is to generate an aggregated index that reflects the environmental impacts of water use, accounting for location and timing as well as the type of water used (e.g., groundwater, river water). These approaches have been formalized in ISO (2014) .
The application of the water footprint concept has relevance for water utility operations. The direct impact occurs in two main ways: (1) the withdrawal and consumption of water from 3 freshwater resources results in a depletion of the resource for other users and (2) the return of effluent water into freshwater resources limits the suitability of that water for other uses (including habitat uses). In both cases, the use of water affects other domestic, industrial, or environmental water users. There are also indirect water effects associated with the manufacture and supply of goods and services that support the operations of a water utility (e.g., electricity provision, supply of chemicals and other materials used in treatment, supply of other products such as laboratory equipment or paper used for billing).
Water utilities have not yet embraced the water footprint concept as part of their water supply management, conservation plan, or in their dialog with customers, partners, and regulators. The applicability of the water footprint concept as a planning tool within the water sector has yet to be systematically explored and articulated. However, the Global Water Research Coalition (GWRC) investigated the applicability of the water footprint concept and tools to the urban water sector (GWRC 2011) by providing a comprehensive overview of the urban water sector, its roles, and its responsibilities, and by identifying a range of possible effects of their activities on the environment. The same study presented a conceptual framework for the application of the water footprint to the water sector, which drew heavily on the approach proposed by the Water Footprint Network ) and Veolia's Water Impact Index (WII) (Veolia 2011) for a water sector. However, the GWRC report provided limited guidance on applying the water footprinting concept within the boundary of a water utility. Therefore, this article aims to fill the knowledge gaps by critically expanding the understanding of the water footprint concept and its applicability to water utilities. The specific objectives of this article are to
• identify opportunities for integrating the water footprint concept into water utility planning efforts as a broader means of achieving and maintaining sustainable communities, and
• propose guidance for implementing this concept within water utility organizations.
These objectives were met by conducting a literature review on the uses and benefits of water footprinting supported by two facilitated workshops conducted with water utility stakeholders. The critical views of the utility managers, water resources planners, and sustainability experts from more than 25 utilities were captured to assess the applicability of the water footprint concept for water utilities and critically evaluate the related metrics and the potential benefits for water utilities.
VALUE PROPOSITIONS OF THE WATER FOOTPRINT CONCEPT
To understand a water utility's or water treatment plant's water footprint, both direct and indirect water consumption should be properly inventoried. A comprehensive water footprint assessment (WFA) of a water or wastewater facility should include the compilation and evaluation of direct and indirect water consumed and disposed of as well as potential environmental impacts related to water consumption and wastewater disposal. A conceptual schematic of both direct and indirect flows in an urban water cycle, including the water and wastewater system, is presented in Figure 1 .
In relation to the water footprint concept, a number of potential value propositions were identified. The details of the value propositions are presented here.
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To understand a water utility's water consumption. A water footprint inventory is critical to determine the direct and indirect water consumption of a utility and to identify opportunities to minimize them within the water utility's operation. The "direct" water consumption of a water utility represents the total volume of water that has been withdrawn from, but not returned to, the same watershed as a result of evaporation processes (e.g., from reservoirs), integration into solids (e.g., sludge), or discharge to a different watershed or the sea (ISO 2014) while delivering treated water and wastewater. The direct water flows include utility sources, imported and exported waters, water supplied, water consumed, and water lost (e.g., leakage in the distribution system). Previous studies attempted to calculate the direct consumption of a water utility through performing water footprint inventories. Niccolucci et al. (2011) estimated that approximately 3.5 L of water was abstracted to provide consumers in Siena, Italy, with 1.50 L of treated tap water; leakage was the most significant loss in the distribution system. However, leakage may not be considered consumption if the water stays within the watershed. For example, Lerner (1987) found that, in Lima, Peru, leakage from the public water supply provided 30% of the groundwater recharge that in turn supplied 40% of the city's water.
Indirect water consumption embraces the embodied water associated with operations, including energy and consumables, and embodied water associated with the water utility infrastructure. The water used for producing electricity that sustains water utility operations may contribute significantly to the indirect water consumption. Two studies (Stillwell et al. 2011 , Stokes & Horvath 2011 ) estimated the amount of energy required to deliver water to customers by combining energy consumption for raw water supply, treatment, and distribution. Stillwell et al. (2011) found that the state of Texas used an estimated 2.1-2.7 TW/h of electricity each year to supply 5.6 ML of municipal water and 1.8-2.0 TW/h for wastewater systems. The equivalent life cycle energy consumption is 0.8 MW•h/ML of water supplied, lower than the 1.5 MW•h/ML estimated by Stokes and Horvath (2011) for a California utility.
In addition, there are large differences in water consumption among different sources of power generation, with hydropower estimated to be the largest water consumer of all the sources studied (largely from evaporation losses from reservoirs) (Wilson et al. 2012) . The average water consumption of US electricity generation from all sources was estimated at approximately 4 m 3 per MW•h produced (Wilson et al. 2012) . Using the embodied water of energy production (4,000 L/MW•h) as suggested by Wilson et al. (2012) , and the energy consumption estimation of Stillwell et al. (2011) for Texas (0.8 MW•h/ML) and Stokes and Horvath (2011) for California (1.5 MW•h/ML), it is possible to calculate that, for every liter of municipal water produced, approximately 0.003-0.006 L of water is consumed in the generation of energy needed to treat and transport both the drinking water and the resulting wastewater.
As with other consumer products, a certain amount of water is embodied within the "hard assets" of the water utility, such as the pipes, buildings, and treatment works. This consists of water consumed in the production of the materials and reflects the degree of appropriation of water resources associated with infrastructure. For example, the Concrete Pipeline Systems Association (2011) compared the embodied water of wastewater pipelines made from different materials and estimated that the cradle-to-gate water use (not consumption) of precast concrete pipe (78-1,000 L/m for 0.3-1.2 m diameters) was between 2.6 and 6.7 times lower than an equivalent size plastic pipe. In addition, it was estimated that the majority of the water consumption of plastic 5 pipes used in the United Kingdom was associated with the production of polypropylene and high-density polyethylene resins in other parts of the world.
To address various aspects of their water footprint, water utilities might work with their energy, chemical, or other supply chain providers to reduce the effect of this indirect water use. The assessment of embedded water of infrastructure, for example, could be used for many purposes, such as to develop a water footprint of an asset (e.g., a pipeline) or a construction activity, to use the water footprint as one of the criterion for infrastructure selection (e.g., concrete versus plastic pipe), to benchmark water consumption of a construction activity, and to develop objectives and strategies to support the organization's sustainability goals (e.g., minimize indirect water consumption).
To understand effects on water quality. Water utilities can affect the quality of local water bodies through discharges of treated wastewater and residuals from treatment processes. The concept of the water footprint could be used by a water utility to estimate the effect of their wastewater discharges on water availability. Morera et al. (2016) assessed the appropriation of water resources in wastewater treatment plants (WWTPs) by considering both the volume of water consumed and the water required to dilute discharges to acceptable standards. In that article, the usefulness of the proposed methodology in assessing the environmental impact and benefits of the discharge from a WWTP were illustrated using three scenarios: no treatment, secondary treatment, and phosphorus removal. A reduction of the water appropriation by 51.5 and 72.4% was achieved using secondary treatment and chemical phosphorus removal, respectively, to fulfill the legal limits. These results indicate that when treating wastewater, there is a large decrease in the water required to dilute pollutants compared with the no-treatment scenario.
Although a water utility could quantify the total volume of polluted water discharged, it might be considerably more difficult to gather the information necessary to calculate the volume of water required to dilute pollutants. A water utility would not only need to know the concentration of pollutants in both the discharge and receiving waters at the time and point of discharge, but also the exact volumes required to achieve a set of discharge concentrations. The quality standard of the utility's discharge (as set by the discharge permit) should be the target, rather than the quality standard for the catchment as a whole to account for the cumulative effects of pollution caused by other water users in a catchment. It is worth debating, however, whether a utility that is meeting legal discharge standards would be creating a significant effect, because these factors are already measured in establishing discharge limits.
In addition to the water quality impacts of discharges, these impacts in the supply chain (e.g., associated with infrastructure and operations) should also be considered. In the same way that power generation contributes to water consumption, it also contributes to the degradation of water quality. Wilson et al. (2012) estimated that, in 2009, the water required to dilute pollutants of US electricity generation was more than 150 m 3 /MW•h and was 37 times the consumption of water.
To understand impacts on water. Veolia (2011) proposed approaches to impact-based analysis based on the WII, which explicitly aimed to provide a combined assessment of water quality and 6 quantity impacts, rather than volumes alone. The WII incorporates a water stress index-an indication of whether water is being abstracted from water-rich or water-stressed sources-and a quality index, described as the difference between the quality of the water (abstracted or discharged) and the quality standards associated with the given water body. The City of Milwaukee was used as a case study within an assessment and planning framework that sought ways to minimize the city's overall WII (Veolia 2011 ).
According to the results presented in Table 2 , most of the WII in a drinking water operation is from raw water abstraction, whereas the majority of WII in wastewater operation is from the discharge of treated water. The negative value of the WII in the wastewater operation resulted from the assumption that the treated wastewater was discharged into the same watershed and helped minimize the total operation's water consumption. Such an analysis assisted the City of Milwaukee (Wis.) in understanding the combined water quantity and quality effects of its operation. Although holistic approaches, such as the WII, are needed, some limitations of the WII have been pointed out: for instance, point out that an assessment of impact from water quality degradation requires specification and careful consideration of impact pathways (from the source of the contaminant to the recipient of its effects), which are not specified in Veolia's approach.
More complete evaluations of the environmental impacts of water supply and wastewater treatment have used LCA approaches. Vince et al. (2008) developed an LCA tool that could systematically evaluate different scenarios for potable water production. The model they used considered a range of effects on the environment and human health, but the authors acknowledged that the model could not adequately deal with water quality impacts resulting from pollutant emissions (e.g., ecotoxicity) because the nature of such impacts are dependent on the condition of local ecosystems. Similarly, Muñoz et al. (2010) used LCA to compare the overall impacts of large-scale water supply plans in Spain and excluded evaluations of ecotoxicity impacts. This study included an assessment of impacts on freshwater ecosystems resulting from abstraction, which is not yet considered standardized for LCA methodologies. Pasqualino et al. (2010) used LCA to assess the environmental profile of a Spanish WWTP and to compare four alternative final destinations for wastewater. The study showed that tertiary treatment slightly increased the environmental impact of the treatment plant, but the resulting reclaimed water could be reused for nonpotable uses and become beneficial in water-stressed areas.
To understand the relationship between carbon footprint and water footprint. There are complex interrelationships between water use and energy use, often referred to as the waterenergy nexus. Water utilities use large amounts of energy to abstract, treat, and transport water and wastewater, with significant carbon footprints (Griffiths-Sattenspiel & Wilson 2009 , Strutt et al. 2008 ). This energy use contributes substantially to the overall environmental impact of the water sector. Water footprint and carbon footprint information may assist water utilities in determining the impact of their energy mix on the environment. Such analysis is critical to understanding the link between the operations of electric and water utilities and promoting strategic integrated planning between the two sectors.
A few studies have attempted to combine water footprint analysis with energy-related impacts. A comparison of the carbon footprint and embodied water consumption of plastic and concrete 7 pipes was published by the Concrete Pipeline Systems Association (2011) that indicated that concrete pipes have a lower carbon footprint and a lower embodied water footprint compared with plastic pipes. Thus, knowledge on the embodied carbon footprint and water footprint may assist water utilities in making critical decisions about infrastructure material selection.
In another study, the ecological footprint assessment of Sydney Water Corporation (Lenzen et al. 2003) combined energy use with water use measures. Although this study omitted important measures, such as downstream water quality effects, it showed that the most significant contribution to Sydney Water Corporation's ecological footprint was from its electricity consumption, not its water abstraction. Furthermore, after water was delivered, customers used more energy for heating, cooling, and general purposes.
The simultaneous analysis of water footprint and carbon footprint may become increasingly important for water utilities, particularly when considering future development options. Some options may become more favorable if they reduce both water and energy footprints; techniques for energy recovery from wastewater treatment may offer some examples of such options and have become a considerable focus of research interest in recent years (Stillwell et al. 2010 ). However, for some energy-intensive development options (e.g., desalination), it is likely that utilities will need to carefully evaluate the tradeoffs between reducing water footprints and reducing energy needs.
To achieve sustainable water supply planning. Water footprint analysis can be an important strategic planning tool in developing and implementing a sustainable water supply portfolio. The water footprint concept may be used to achieve several water supply planning objectives: water use benchmarking, water conservation or water reuse promotion, water resources planning integration, and economic productivity assessment. The water footprinting concept may also influence the water supply planning process by assisting water utilities in developing strategies that provide better water demand management in short-and long-term environmental impact assessment at local, regional, or national levels, or in watershed management and protection.
To date, there has been no published literature showing the application of the water footprinting concept in water supply planning through pilot studies. However, several research studies have demonstrated its application in high-level allocation decisions, the implementation of targeted efficiency measures, an understanding of the complex tension between environmental water needs and dependency on irrigated agriculture, or spatial redistribution of water-intensive crops. Zhao et al. (2010 Zhao et al. ( , 2009 ) have attempted to calculate regional (e.g., river basin) or national water footprints. Such studies often illustrate different levels of water use by sector, which can help with high-level allocation decisions and in developing targeted water efficiency measures. Additionally, water footprint analyses around the Guadiana river basin (Aldaya & Llamas 2009 ) and the Doñana region in Spain specifically sought to incorporate both hydrologic and economic analyses and to illustrate environmental water requirements. The goal of these analyses was to develop a framework to help deal with the complex tensions between environmental water needs and the dependency on irrigated agriculture. The analyses provided a basis for recommending the purchase of water rights from farmers growing low-value, waterintensive crops. Similarly, Montesinos et al. (2011) used a virtual water balance approach to argue for the spatial redistribution of certain water-intensive crops, particularly olives, within the Guadalquivir river basin (Spain).
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Water footprinting has also been used in the Breede Catchment (South Africa) to support national policy objectives for the water sector by comparing the direct farm job and gross income impacts of water consumption between subcatchments and between crops (Pegasys 2010). As with the Spanish examples, this analysis highlights how certain irrigated crops might be economically inefficient uses of water.
Some of the different styles of water footprint analysis mentioned earlier (e.g., the "urban water footprint") , Jenerette & Larsen 2006 and the "water supply footprint" (Stoeglehner et al. 2011) can also be used to support strategic-level planning for urban development. In particular, the water supply footprint analysis, which was applied in Australia, was used to demonstrate how rainwater and stormwater harvesting, and wastewater recycling as supplemental supply sources, could be used to meet a substantial portion of residential water demand, thus easing pressure on local ground and surface water sources.
To enhance communication among stakeholders. Regardless of the approach used, water footprints are all (to varying degrees) simplifications of highly complex scenarios and intuitively illustrate the burden placed on water resources. As a result, they are becoming powerful tools for communication and awareness-raising around the need to reduce the overall impact of human activities and illustrate general patterns of water use . For instance, the environmental group WWF now uses a water footprint approach as a solid platform for research, education, and campaigning. In a similar vein, a water utility could potentially use a water footprint as a tool for improving communication with its own customers or other water users, or for benchmarking and reporting on its own performance.
The need for managing water demand is becoming increasingly important, particularly for promoting water conservation measures among customers (e.g., metering, price increases) (Sharp 2006) . Water footprint approaches could be used as an important means to instill a culture of water efficiency, based on the understanding that water use has immediate or long-term, localized, and far-reaching consequences.
Each water utility faces its own unique challenges to convey the value of water to its customers. The value of water often differs from its marginal cost (expense of producing and delivering a unit of water) and its price (the rate charged to a customer for the unit of water delivered), and this is not always properly understood by the general public. The value of water also depends on several other factors, such as how the water is used, its quality, the time and location at which it is available, and its relative scarcity. Often, the value of water is difficult to determine and communicate because a number of factors, beyond the cost and price of water, need to be considered. Therefore, awareness and education of the public toward principles of water value and water efficiency are of great importance for sustainable management of water use; however, it is important to coordinate this with communication plans already in place on the value of water.
The costs of some elements (economic and environmental externalities, societal objectives, and intrinsic values) are difficult to assess, which creates a challenge in determining the full value of water and its impact in society. However, water utilities and major water using industries can use the water footprint concept to raise awareness about the nonmarket value of water usage among decision makers, stakeholders, and consumers, and thereby encourage sustainable consumption of water.
Water footprints could also be used by utilities to raise awareness among domestic consumers of wasteful behaviors in their homes by including water footprint-related information on water bills to show domestic customers the impact of leaving taps running, using old washing machines, or even throwing away waste food. In the United Kingdom, some water companies offer water efficiency advisory services for business users to reduce their overall water footprint. Water footprint analyses could be used as a tool to leverage downstream users to a more efficient use of water within their operations. In addition, footprinting could be used by a utility to highlight the water-related financial risks to which their investors are exposed (e.g., for highlighting the potential for lost revenues) if access to water resources becomes constrained.
Certification and labeling systems aim to provide assurance that specified production methods or product characteristics have been met, and there are several product labeling systems globally that attempt to convey information regarding a product's water efficiency. For example, the Smart Approved WaterMark in Australia (SWM 2012), the WaterSense Label in the United States (USEPA 2012), and the Waterwise Recommended Checkmark in the United Kingdom (Waterwise 2012) are indicators of the water-saving potential of bathroom and kitchen appliances and outdoor water-using products. Such labeling systems can encourage water utility customers to reduce their water demand and, by implication, their impact on the water environment. Thus, water footprint labeling could provide a means of communicating to customers the water-related impacts of their purchasing and consumption habits in a manner analogous to carbon footprint labeling.
To improve environmental performance reporting. The water footprinting concept could also be used for reporting of water utilities' environmental performance. The Global Reporting Initiative has published a suite of sustainability reporting guidelines that provide guidance to corporations on reporting numerous aspects of their environmental performance, including total water withdrawal by source, water sources significantly affected by withdrawal, and the amount of water recycled (GRI 2011). Morikawa et al. (2007) assessed how these reporting protocols were being used across a range of sectors and found wide variation in how water-related indicators were measured, defined, and reported. They also found that in the utilities sector (which encompassed the water sector), there was no assessment or reporting of water measures for supply chains (i.e., indicators of embodied water). If used coherently, a water footprint framework might therefore add depth and consistency to environmental performance reporting within the water sector.
Water footprint analyses can also be used to highlight other features of water sector performance, such as economic aspects. For instance, Zhang et al. (2008) calculated the "water footprint intensity" (cost per unit of water) for a region in China and argued that long-term changes in the metric (i.e., decreasing cost over time) demonstrated efficiency improvements in water utilities. These kinds of efficiency analyses might also be used to compare utilities with one another or with multiple facilities owned or operated by a single entity.
Detailed water footprint accounts could also be used to benchmark different industrial processes (e.g., within a water utility customer's operations) and products, ensuring that water consumption is accounted for over the full life cycle. As an example, consider one appliance manufacturer might produce A-rated washing machines while another produces D-rated washing machines.
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The manufacturer producing A-rated washing machines might use more water in its operations, but over the lifetime of the product, significant amounts of water might be saved.
To develop community sustainability. A potential application of the water footprint concept is to identify a portfolio that may lower the effects of a utility's own operations on the environment. However, to ensure that the community is sustainable, it is also important to recognize that water is a regional resource and that existing water resources are stressed in many places, competition for new water sources is growing, multiuse of water is growing, and quality of new water sources is of concern. Although water utilities should ensure during their water supply planning (water supply portfolio selection) that their water footprint is sustainable, it is also important that they share the responsibility with other industries (commercial, industrial, agricultural) for managing sustainable allocation of water resources within their community. An example of distribution of water use among sectors in the United States in 2005 presented in Table 3 suggests that most of the water withdrawal in the United States is due to power generation and irrigation (Kenny et al. 2005) .
Irrigation practices and crop types have also changed with time, technology, and the economy. According to the US Geological Survey, in some areas, increased costs and reduced water availability have led to the use of more efficient irrigation practices and reduced related water use (Kenny et al. 2005) . In other areas, both water use and irrigated areas have increased because of water availability, demand for certain crops, and the desire to improve crop yield by using irrigation to supplement rainfall. The water footprint concept may provide a better communication tool for effective dialog with agricultural water users on water use in the local context.
Climatic fluctuations have a prominent effect on water withdrawals, particularly those for irrigation, thermoelectric power generation, and public supply. For example, in 2012, many regions in the United States experienced drought conditions through the late winter and spring months that lasted into the summer. Periodic droughts have drawn attention to the limits of local and regional water supplies. In addition, changes in global climate with rising temperatures could cause irrigation requirements for crops and landscaping to increase along with in-stream flow requirements.
The water footprint concept provides a common parameter that could be used to initiate water management discussions among water users on a local, regional, or national level so that the sustainability of a community can be maintained. Water utilities may be able to use the water footprinting concept to communicate their water resource management approach and thereby determine the right balance for use of water in a local context. For instance, the water footprint concept might be useful in making effective decisions related to conserving water resources for drought seasons and establish a basis for determining management strategies for balancing different water resources in an area (lakes, rivers, boreholes) for drinking water, recreation, energy production, and agricultural uses. ISO 14046, Environmental Management -Water Footprint -Principles, Requirements and Guidelines (ISO 2014) , is considered the primary reference for any LCA-based WFA. A WFA should include a water footprint inventory (WFI) assessment that involves compilation and quantification of the water consumption within the system boundaries (i.e., criteria specifying the unit processes under consideration). A WFA should also include a compilation of impact category indicator results addressing the potential impacts (e.g., water stress, water quality) related to the water environment. The results obtained from such an assessment define a water footprint profile (WFP). Although the WFI refers to water consumption, the WFP relates to different impacts (e.g., water scarcity footprint, eutrophication footprint) that are not weighted or normalized.
WATER FOOTPRINT APPLICATION GUIDANCE
The WFA can be conducted at different scales: for an entire organization, at a treatment plant, or at the infrastructure level. The scope and definition of the boundaries and the reporting units should be properly identified. A WFA is an iterative process and the results of one phase or unit may affect the results of other phases or units. To ensure comprehensiveness and consistency of the assessment, the iterative approach within and between the phases needs to be maintained. Typically, a WFA should start with the smaller units and gradually be expanded to larger operational units such as the entire water utility as conceptualized in Figure 2 . Communityowned utilities may wish to add another higher level of use above the organization's water footprint to consider how water is being exploited in the local context. Although this bottom-up approach is necessary for assessing water consumption within a water utility's operation, the time and resources required for such an assessment can be substantial. Therefore, the objectives and boundary conditions should be carefully defined during the planning stage and a multidisciplinary team including sustainability, operations, and procurement employees needs to be formed for water footprinting activities.
To meet any of the objectives listed here, water utilities need to go through a WFI or WFP assessment for one or more infrastructures. The assessment can be performed on existing infrastructure or on new infrastructure that will be built in the near future. Each infrastructure or treatment plant project deals with a wide variety of construction materials, construction activities, and commissioning steps. The first step of a WFA for an infrastructure project is to identify the four major elements: (1) water consumption of all construction materials, (2) water consumption of construction and commissioning activities, (3) water consumption of asset management, and (4) water consumption for decommissioning activities. A conceptual schematic of the major elements is presented in Figure 3 .
The water footprint of construction materials may vary significantly depending on the types of materials used. Similarly water consumption of the construction activities may vary widely. Some of the common construction activities in a water utility include excavation and onsite disposal, sheet pile driving, concrete placing, installation of mechanical and electrical plants, and filling and compaction. Therefore, different water and wastewater infrastructure may have different impacts on the water environment. The infrastructure can be compared based on the WFA of each of the four major categories or all four elements combined. The application of the WFI for developing a water footprint profile or for comparing two alternatives is presented in Figures 4 and 5.
The WFI assessment of a water utility may include different activities such as abstraction, raw water transmission, water treatment, water distribution, chemicals addition, discharge of treated water, disposal of sludge, wastewater collection, sludge treatment, sludge to land, sludge liquor, groundwater recharge, and evaporation. Each of these activities involves both direct and indirect consumption of water. Typically, the direct water consumption data are readily available from the water auditing and data collection process conducted by the water utility; however, a more deliberate initiative is required to estimate the WFI of infrastructure and construction activities. Figure 4 describes a conceptual framework to calculate the WFI of infrastructure, construction activities, and consumables (e.g., energy, chemicals). The framework is applicable at various levels from individual components to water treatment plants to infrastructure systems, catchment operations, and ultimately to an entire organization. This process involves a systematic review of water consumption from initial construction through operation to end of life. The direct water consumption components are combined with the indirect components in an overall WFI. Water consumed through activities such as process losses, leakage, flushing, and cleaning can be significant and need to be taken into account.
Figure 5 presents a framework that might be used to calculate the water footprint profile. When a WFA is conducted for multiple impact categories (e.g., water scarcity, water eutrophication), the results should be normalized relative to reference information (e.g., global water scarcity). This normalization may be helpful in checking for inconsistencies and providing and communicating information on the relative significance of the indicator results. A complete WFA requires an impact assessment of all activities on the environment and includes a compilation of impact category indicator results addressing all the potential impacts related to water. The indicator results of different impact categories can be weighted by numerical factors based on value choices (ISO 2006) and summed to produce an overall water footprint (ISO 2014).
The water footprint values might be used in conjunction with other parameters (e.g., carbon footprint, life cycle costs) for optioneering purposes. The frameworks presented in Figures 4 and 5 are conceptual and should be validated, modified, or customized for the needs of each utility for assessing the value propositions identified in this article.
IMPLICATIONS
Water footprinting is still at its early stage of implementation in the industry. Over time, the science has developed and evolved; as a result, there are many inconsistencies among the research to date. It is clear that, although there is general agreement regarding what the water footprint should represent (i.e., it should be an indicator of the potential impacts of human activities on the water environment) and that it has been used for a wide range of applications, there are certain levels of challenges associated with all applications. The limitations on the applicability of the water footprinting concept at water utilities for different application categories are presented in Table 4 .
A particular issue for water utilities relates to the definition of water consumption in a spatial context. The volume of water consumed is relevant to a water utility because it is a measure of the amount of freshwater no longer available for other purposes as a result of delivering freshwater services (GWRC 2011) . The majority of the water withdrawn from a water resource for public water supply is returned through the wastewater system or transmission losses (leakage); however, this water is not returned at the same point or time as the withdrawal. On a watershed and annual scale, only wastewater discharged to estuaries or the sea would be considered consumptive use; the rest is available for use within the basin. However, withdrawal may occur from a surface water body or aquifer unit that is overexploited within a basin not otherwise water-stressed. Equally, the wastewater returns may help sustain flows in otherwise stressed parts of the basin and leakage from the public water supply system may contribute to 13 local recharge. The choice of the appropriate scale at which to define "consumption" is, therefore, critical.
Many types of water use vary over time. For example, during a hot year, water utilities may need to abstract more water as their customers use more water for their gardens. Alternatively, a water utility might have invested in a significant amount of new infrastructure in one year, but would be using the infrastructure for several decades (a reservoir, for example). Hence, the higher water footprint estimated during the same year does not necessarily indicate that the water is being used less wisely by the utility. Hoekstra et al. (2011) note that water footprint data will often show a more meaningful picture if taken as an average over a period of years rather than over a shorter time frame.
The calculation of any water footprint should be specified in river basins and water bodies (groundwater bodies and aquifers in the case of groundwater). It is, however, recognized that difficulty might arise in obtaining data in terms of hydrological boundaries (as data sets are generally compiled for administrative regions rather than for river basins, catchments, or water bodies), which in turn may require the redefinition of spatial boundaries. Annual averages or totals of water related information are generally considered to be of limited value when monitoring or assessing water resources. In order to take into account the effects of seasonality, data aggregation at least at a monthly resolution is recommended, although this may need to be refined depending on availability of data and resources to undertake the assessment (GWRC 2011).
Despite the challenges, the value of conducting a WFA is increasingly being recognized. To increase widespread application of the water footprint concept, the following research on the accounting methods and applications is warranted in the future:
• Further development of the water footprint concept and accounting methods that are specific to water utilities is needed to better understand the benefits and challenges of its application.
• Pilot studies should be conducted to demonstrate the applicability of existing frameworks for water utilities and to demonstrate how the water footprint concept can be implemented by a water utility.
• Stakeholder involvement should be ensured in future research efforts so that their feedback can be included in identifying the most valuable application propositions and in developing a WFA framework specific to water utilities.
